ABSTRACT
INTRODUCTION
The dramatic advancement of the Internet has generated the digital economy, which has provided us with extraordinary services and welfare never anticipated before [1] . However, they cannot be captured through GDP data, which measure economic values. This Internet-emerged added value of providing people with utility and happiness, which extends beyond economic value, is defined as uncaptured GDP [2] [3] [4] .
In Finland, the popular tendency is to explain growth with growing exports. Some part of this is true; net export of Finland has grown, but relatively little. In 2017 export's contribution was less than 20% of the total GDP. In analysis of the components of the GDP growth of Singapore and Finland, one significant difference was found out; in Finland gross fixed capital (GC) was 1.49 (GDP was 2.76) but in Singapore it was only -0.42 (GDP was 2.53) [5] . The analysis published in the previous number of this journal [5] [6] revealed that from components of GC, Finland was able to increase gross tangible capital (GTC) when gross service capital (GSC) was decreasing as demonstrated in Table 1 . This implies that another common perception should be challenged; R&D investments are supposed to increase competitiveness and thus the growth of GDP. In the case analyzed this rule was not applicable. Investments in the R&D and development of the stock of intellectual property products (IPP) had decreased in Finland. (Unlike in Singapore that invested significantly in R&D). In Finland especially companies had year after year decreased traditional R&D expenditure since 2008 [6] .
In our previous studies [5] and in the most recent paper [6] it has been analyzed globalinformation and communication technology (ICT) companies' performance and their new digital platforms based innovation mode, that is called usage of Soft Innovation Resources (SIRs).
While Finland and Singapore have been maintaining world digital leaders position [7] , both countries demonstrated interlaced contrast. Finland enjoyed a high level of happiness/welfare under the stagnation while Singapore accomplished higher economic growth in the lower level of happiness/welfare [8] . This observation reminds us a plausible view that "well-being of the Finnish people has developed in a more positive direction than one might conclude by GDP data" [9] and prompts us a hypothetical view that Finland has depended on un captured GDP much largely than Singapore by spinning-off from traditional co-evolution of economic value, traditional ICT development and GDP growth to new co-evolution of people's preferences shifting to a suprafunctionality beyond economic value encompassing socio, cultural and emotional values, advancement of the Interne for further functionality and increasing dependence on un captured GDP as illustrated in Fig. 1 [3] . It is claimed that use of SIRs is a novel innovation mode applied in the digitalized and ICT firms. Authors in previous studies described this hypothetical view [4] and identified that while such transformative circumstances in the digital economy results in productivity decline, global ICT firms endeavor to survive by spontaneous creation of un captured GDP by harnessing the vigor of SIRs [5] . SIRs consist of the Internet based (that permeates into broad ICT in the digital platform economy [8] ) resources that have been either sleeping or untapped or are results of multisided interaction in the markets where consumer is looking for functionality beyond economic value. The common feature of SIRs is that they are not accountable in the traditional GDP terms [8] [10].
One more finding from our previous work is important background to the study described in this paper. It has been demonstrated that removal of structural impediments of GDP growth such as conflict between public, employers and labor union, disparity of gender, and also increasing discrepancy toward an aging society. Thus, spontaneous creation of un captured GDP through effective utilization of SIRs contributes to growth by its hybrid function as illustrated in Fig. 1 [5] .
It was then postulated that the recent reversal trend in GDP growth of digital leaders in Finland and Singapore could be attributed to this hybrid function, and attempted to demonstrate this hypothetical view [6] .
First it was identified that Finland's recent GDP growth recovery could largely be attributed to its GC to which negative contribution in Singapore as demonstrated in Table 1 [5] Figure 1 . The dynamism of hybrid role of soft innovation resources: Creation of un captured GDP and removing of structural impediments in captured GDP growth.
Then it was identified that contrary to an increasing share in Singapore, Finland has been shifting to less dependence on GSC (IPP, majority of which is R&D) in its GC formation. It was postulated that this can be attributed to SIRs substitution for GSC. Furthermore, our previous findings reveal that SIRs spilled-over to GTC and contributed to removing structural impediments of GTC's increase leading to GDP growth as illustrated in Fig. 2 [6] . Here, un captured GDP seems to have taken a role of paving the path for SIRs substitution for GSC and then contribution to GTC by spilling-over to it.
Based on these demonstrations, authors postulated a dynamism of virtuous cycle between SIRs and un captured GDP creation through aforementioned co-evolution, at the same time removing structural impediments in captured GDP growth [6] .
Thus our earlier work implies that there is a dynamism of hybrid roles of SIRs: sophisticated virtuous cycle between SIRs and uncaptured GDP creation through aforementioned co-evolution, at the same time removing structural impediments in captured GDP growth. However, a dynamism that enabled such a miraculous function has remained beyond the reach.This paper attempts to elucidate inside the black-box of this function. Historically Finland depends largely on multifactor productivity (MFP = TFP: which represents economic efficiency) [11] [12] to which own R&D, spillover technology, demand creation, and learning effect play leading role [13] . Finland has been good at crises by transforming them into a springboard for new innovation by substituting it for constrained resources [3] .Finland also incorporates institutional elasticity that assimilates spillover technology into its own system [4] . However, this elasticity has been long subdued by the aftermath of the economic stagnation after the Lehman shock in 2018 [14] .
Note While Finland incorporated highlevel of "firm-level technology absorption capacity and ranked 6thin the world (out of 140 countries) in 2013, it devaluated to 10th in 2016 (The Global IT Report, WEF).
With these understandings, an empirical analysis focusing on the interactions among factors contributing to GDP growth particularly of MFP growth and its constitutes over the last quarter century and the effects of the policy decisions suchas Competitiveness Pact on Finland's resurgence was conducted. The Pact was enacted in June 2016 aiming at reactivating nation's indigenous elasticity [5] .
Note The 'Competitiveness Pact', a tripartite labour market agreement, was signed in June 2016 after over a year of difficult negotiations. The Pact involves a nationally and internationally exceptional deterioration of workers' terms and conditions. The negotiation process had disruptive repercussions on social partner organisations and seemingly brought the traditionally centralized collective bargaining system to an end. An insightful suggestion for activating a hybrid role for soft innovation resources in the digital economy was thus provided.
Section 2 analyzes inducing role of MFP. Contributors to MFP growth and GTC increase are analyzed in Section 3. Section 4 demonstrates uncaptured GDP's role in paving the path for substitution. Section 5 analyzes dynamism in removing structural impediments in GTC growth. Section 6 summarizes the noteworthy findings, policy suggestions, and future research.
INDUCING ROLE OF MULTIFACTOR PRODUCTIVITY
Statistics of Finland in its "Productivity Surveys" (30 Nov. 2017) [11] has analyzed contribution of production factors to GDP growth rate over the period of 1976-2016 by decomposing contribution of labor, capital and MFP as illustrated in Fig. 3 .
Note In line with 2008SNA, it classified R&D contribution to GDP growth rate in the contribution of capital not in MFP as traditionally included. In addition, it treated total contribution by labor, capital and MFP as change rate of value added while GDP = Value added + taxes on products + subsidies on products.
MFP is a measure of economic efficiency which is not explained by growth in inputs (labor and capital). MFP growth depicts not only technological development and increased efficiency but also the effects from improved quality of inputs, management, logistics and organization [13] . Traditionally Finland has been good at managing crises. A distinct feature of Finnish economic growth, especially since the Second World War, can be attributed to MFP growth [11] [12] . Therefore, MFP growth rate has strong correlation with GDP growth rate in Finland as demonstrated in Table  2 . Where GGR: Real GDP growth rate, MFPGR: MFP growth rate including contribution of R&D, and MFP*GR: MFP growth rate not including contribution of R&D.
The figures in parentheses indicate the t-statistics: all are significant at the 1% level. Consequently, MFP growth rate highly depends on GDP growth rare as shown in Table 3 . Source: IMF (2018) [15] . 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Source: OECD (2018) [16] . 
CONTRIBUTORS TO MFP GROWTH AND GTC INCREASE

CONTRIBUTORS TO MFP GROWTH
Previous analyses of Section 2 suggest that MFP growth, particularly its shift to upswing from 2016 should be the core contributor to Finnish economic resurgence from 2016.
As suggested in Section 1, given that this resurgence can largely be attributed to the Competitive Pact in June 2016 that spurred SIRs substitution for GSC and spill-over to GTC, this dynamism in MFP is analysed based on historical trends in Finnish fundamental economic structure as tabulated in Table 4 . 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 First, SIRs substitution for GSC was analyzed. As reviewed in Section 1, since SIRs consists of the advancement of the Internet (that permeates into broad ICT in the digital platform economy) [19] [20], and GSC is centered on R&D, equation (1) examines this substitution.
where I: Internet dependence, R: R&D expenditure, pi: Internet price, pj: R&D price, : elasticity of I substitution for R, and : coefficient. When > 1, I substitute for R [6] . Table 6 ; D: 1999, 2000 = 1, others = 0. The figures in parentheses indicate the t-statistics: all are significant at the 1% level.
Second, spillover of this SIRs to GTC was analyzed by using Nadiri and Schankerman (1981) [13] approach that depicts MFP as a function of technology knowledge stock (T), spill-over technology (I), demand creation (C), and learning effect ( ) as follows:
where A, A': scale factor, : learning coefficient, T: technology knowledge stock, R: R&D expenditure, C: final consumption expenditure, I: Internet dependence, , , : elasticity, : rate of obsolescence of technology, and g: R&D growth rate at the initial period.
In equation (2) technology knowledge stock is approximated as ≈ + ⁄ in a long run, spill-over technology is represented by the Internet as the digital economy has augmented the permeation of the Internet into broad ICT [26] , and demand creation is represented by final consumption expenditure. Equation (2) can be developed as follows by taking logarithm: ln = ln + + lnR + ln + ln (3) Table 6 summarizes the result of the regression analysis over the period of 1994-2018 which demonstrates statistically significant. Looking at Table 6 we note that while R&D (R) and Internet-driven spillover technology (I) together with demand (C) made a balanced contribution to MFP increase before economic stagnation (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) , this structure has substantially changed during the economic stagnation(2010-2015)and its resurgence after the Competitiveness Pact(2016-2018)as Internet-driven spillover technology demonstrates a significant impact on MFP increase while R&D increase reacted negatively in this period. This is conspicuous particularly after the Competitiveness Pact in 2016.
MFP'S CONTRIBUTION TO GTC INCREASE
With an understanding of MFP's significant contribution to GDP growth in Finland and also GTC's leading role in its economic recovery [10] , following triangle structure can be anticipated as illustrated in Fig. 5 : Figure 5 . Triangle structure among GDP growth, MFP increase and GTC increase.
With this hypothetical view, MFP's possible contribution to GTC increase is examined using equation (3) that depicts MFP by its constitution. Based on the empirical findings obtained from Table 6 and aiming at identifying the spill-over effect stimulated by the Competitiveness Pact, the analysis is conducted by imposing coefficient dummy variables on the spill-over effect before and after the Competitive Pact as depicted in equation (4) . Backward elimination method with 10% criteria is used for the analysis.
lnK= ln A+λt + α1D1lnR+α2(D2+ D3) lnR + βlnC+ γ1D1lnI + γ2D2lnI + γ3D3 lnI + δ1D1+ δ2 D2 (4) where K: share of GTC out of gross capital formation; D: dummy variables (see Table 6 ). Table 7 summarizes the result of the analysis over the period of 1994-2018 which demonstrates statistically significant and support the hypothetical view that MFP increase contributes to GTC increase.
Thus, Tables 6 and 7 demonstrate the significance of the triangle structure among GDP growth, MFP increase and GTC increase as anticipated by Fig. 5 . Backward elimination method with 10 % criteria is used. The figures in parentheses indicate the t-statistics: significant at the 1% level except * 1 10%.
In addition, Table 7 reveals that I(Internet-driven spillover technology) demonstrates significant contribution to GTC increase while no significant contribution by R(R&D investment) to GTC increase during stagnation and resurgence periods (D2 and D3). This is particularly conspicuous in the resurgence period after the Competitiveness Pact in 2016. This supports the preceding findings that SIRs substituted for GSC centered on R&D during the stagnation period. SIRs spilled-over to GTC thereby contributed to GDP resurgence after the Competitiveness Pact(see Fig. 9 typical examples).
UNCAPTURED GDP'S FUNCTION IN PAVING THE PATH FOR SUBSTITUTION
The above analyses support the hypothetical view that Finnish resurgence in recent years can be attributed to SIRs substitution for GSC centred on R&D [6] and SIRs spill-over to GTC (Table 7 and [6] ) that contributed to removing structural impediments in GTC increase [5] which was the main contributor to GDP growth (Table 1) .
Such substitution and spill-over have been enabled by the support of uncaptured GDP that has paved the path for this sophisticated function. Uncaptured GDP leverages SIRs through its coevolution with a shift in people's preferences to supra-functionality beyond economic value and advancement of the Internet induced by such a shift as illustrated in Fig. 1 .
This section analyses this function. GDP growth rate depends largely on MFP growth rate in Finland as demonstrated in Table 2 .
where: V: GDP, a and b: coefficients (similar coefficients are used in the following equations). Integrating equation (5) with respect to time t,
MFP is depicted as follows as reviewed earlier:
Based on consumption function, final consumption expenditure C can be depicted as a function of V as follows:
Since SIRs depend largely on the advancement of the Internet I [6] [19] and substitute for GSC centred on R, following correlations can be depicted:
Substituting MFP in equation (5') by equation (2) and also C and I in equation (2) by equations (6) and (7), respectively: ln = 0 + + (ln + + lnR + ln + ln )
Given that ≈ + ⁄ in a long run as depicted in equation (1), marginal productivity of technology can be estimated as follows:
Equation (8) depicts that marginal productivity of technology is governed primarily by elasticity of SIRs to MFP ( ) and R&Dintensity to SIRs (q) together with management strategy. Management strategy consists of R&D productivity (V/R) and planned obsolescence strategy (POS). POS manages pace and speed of R&D investment ( + g) taking into account of optimal lifetime of technology maximizing the profittability of R&D depending on its productivity [21] [22]. On the basis of the above empirical analyses, coefficients and elasticity of substitution governing marginal productivity of technology in Finland can be estimated as tabulated in Table 8 . Applying these estimated values to equation (8) trajectory of marginal productivity of technology in Finland can be estimated. Fig. 6 illustrates a plausible estimate of this trajectory. This was based on an assumption that dramatic change in and q as a consequence of SIRs substitution for R&D would be absorbed by planned obsolescence strategy that seeks the stable level of profitability over the whole period examined ( + was managed to smooth correspondence with). Fig. 6 demonstrates that Finland depended on uncaptured GDP as a consequence of the digital economy [4] [8] and declined its marginal productivity of technology [20] which in turn activated firms to utilize SIRs [5] . Induced SIRs played a significant role in substituting for heavy R&D investment ( Table 5 ) that had become critical burden when nation's economy confronted a great stagnation due to the Lehman shock in 2008. This substitution transformed marginal productivity of technology with declining trend into that of growing trend from 2010. This trend further accelerated from 2016. This can be attributed to effective assimilation of SIRs that substituted for GSC dominated by R&D. The impact has become conspicuous particularly after 2016 due to effective assimilation of SIRs that spilled-over to GTC (Table 7) . This effective assimilation can be attributed to the Competitiveness Pact enacted in 2016 that played a trigger role in awaking Finnish latent sophisticated assimilation capacity leading to economic resurgence. As conclusion it is claimed that uncaptured GDP functioned in paving the path for SIRs which effectively removed structural impediments of GDP growth. 
Note Estimate of final consumption and R&D strategy N1. Final consumption
N2. R&D strategy
DYNAMISM IN REMOVING STRUCTURAL IMPEDIMENTS IN GTC GROWTH
Analyses in the preceding sections suggest the following dynamism of SIRs in removing structural impediments in GTC growth which contributed to resurgence of Finnish GDP growth [6] as illustrated in Fig. 7 . (i) Advancement of the Internet awoke and induced SIRs (Fig. 1) .
(ii) The Competitiveness Pact spurred effective utilization of SIRs (see below).
(iii) SIRs substituted for GSC (cantered by R&D) supported by uncaptured GDP (Table 6 ).
(iv) Trough the substitution process SIRs spilled-over and incorporated in GTC via MFP (Table 5) .
(v) MFP induced GTC by removing structural impediments of its increase (Table 7) . (vi) Increased GTC contributed to GDP growth (Table 1) .
(vii) GDP growth in turn increased MFP (Table 3) Effective utilization of SIRs as well as dynamism of its substitution for GSC and incorporation of spill-over SIRs in GTC depends largely on co-evolutionary acclimatization capacity of the nation [23] .
The dynamism in creating this capacity can be conceptualized as follows (Fig. 8) . Activation of this dynamism can be attributed to Finnish institutional elasticity and spurred by the Competitiveness Pact and stimulated by economic resurgence triggered by the Competitiveness Pact.
(i) Cumulative learning cultivates the capacity of distinguishing technology spillover flows by assessing and selecting them into (a) should learn, (b) should not learn, and (c) can not learn.
(ii) This distinguishing capacity leads to absorptive capacity to be able to treat accepted spillover technologies homogeneous to Finland's own technology stock. (iii) Through co-evolutionary exercise of absorption assimilation capacity can be developed thereby able to embody absorbed technology to whole system in production, diffusion, and consumption. (iv)This ability then develops to domestication thereby taming assimilated spillover technology into the whole institutional system by activating it through convincing and empowering all stakeholders.
(v) Domesticated technology/knowledge in turn further improve distinguishing capacity, absorption, assimilation and domestication ability in a co-evolutionary way, thus coevolutionary acclimatization capacity can be created. Figure 8 . The concept of co-evolutionary acclimatization creation dynamism.
As stated earlier, traditionally Finland has been good at crises management. It transformed external crises into a springboard for new innovation by substituting innovation for constrained resources [3] . It has indigenously incorporated sophisticated institutional elasticity to activate this notable capacity [4] . However, this elasticity depends on trust among stakeholders (business circles, customers, and public authorities) as has been explicitly demonstrated by the contrast of success and legal battles of Uber's global expansion [24] .
Finland's elastic institutional systems have been long subdued by the aftermath of the global stagnation due to the Lehman shock in 2008.
While Finland demonstrates higher trusting relationship than its ICT rival Singapore, it suffers rigid non-flexible labor-employer relations and also the world's most rigid wage determination as compared in Table 9 [5]. This rigid system urged to freeze its institutional elasticity resulting in seven long years economic stagnation. This historic ambitious decision in June 2016 to shift away from centralized wage-setting toward company-level labor deals can largely be appreciated as a consequence of effective utilization of SIRs, particularly of trust [25] . People's non-pessimistic mood with actual economic evidences has increased confidence to the Pact as illustrated in Fig. 9 and awaken nation's latent ability of sophisticated co-evolutionary acclimatization as illustrated in Fig. 8 .
While the full-fledged effects of the Competitiveness Pact should be expected, hence further careful assessment should be indispensable. Some noteworthy signals to activate SIRs in removing structural impediments in GTC increase can be observed as illustrated in Fig. 7 and effects of SIRs spillover has become reality as demonstrated in Fig. 9 . Figure 9 . Effects of soft innovation resources spillover.
As a consequent of such efforts, demand-supply discrepancy has dramatically decreased [26] [27] and enable da GTC positive contribution to GDP growth. For example, machinery and equipment has changed from long lasting negative contribution to positive contribution to GDP growth from 2016 as: -0.06% (2013), -0.04% (2014), -0.03% (2015) to 0.05% in 2016 [20] [28] . Efforts for gender balance improvement by utilizing ICT advancement have contributed to improving the imbalance of employers demand [29] . Recent policy decisions of relaxation of car inspection laws (May 2018) and taxi market liberalization (July 2018) accelerate effective utilization of such SIRs as the driving force of preferences shift to supra-functionality [8] and sleeping resources [30] . These decisions are expected to remove demand supply discrepancy toward the aging society and people's preferences diversification and enable on demand supply and trans generational satisfaction [31] .
CONCLUSION
In light of a notable resurgence in Finland which transformed interlaced contrast in world digital leaders: high welfare with low GDP growth in Finland and higher GDP growth with lower welfare in Singapore, dynamism enabling this resurgence was analyzed.
An empirical analysis focusing on the interactions among factors contributing to GDP growth and their constitutes over the last quarter century and also effects of the policy change such as the Competitiveness Pact enacted in June 2016 on the resurgence was conducted.
Noteworthy findings include:
(i) Finland highly depends on MFP growth for its GDP growth. New innovation mechanism as SIRs substitute for GSC centered on R&D and then spillover to GTC for removing structural impediments for growth could be a new innovation model in the digital economy. An insightful suggestion in overcoming a productivity paradox in the digital economy was thus provided.
Future works should focus on further exploration of additional SIRs and their quantification. Comparative assessment of SIRs depending on institutional systems is another priority issue. International comparisons thereon should also be undertaken. In addition, careful monitoring of the reversal trend should be continued. Successive assessment of the effects of the Competitiveness Pact should also be continued.
